









     






		  !"#$%  &' ()*
+,


















 %&' ()*+ ,- ./012+ ,- .+ 3456' 7/	/.8199498:)*;< => =.
*2?@)*+ 3A?7/BC> *C86
D,84E;< *)' 2/FG8> =HI%==
96
4D%J 9*E84;K /L?1E*3M N%OP443)*A?%Q ,49/< J :(7/4D
  4RS@E4*%3T /L481M '9=8U=P/M 'D9=68.;=RS@E=




!"97^ P7%> .4T 1;%J :(79$"4 #""9' _> .4+ NIF\];%J :(79
  X4 ""F.> .9' D> *C4pH%` /1814< J :(7/# !%> /44""9' ;> *C4E/6a*< F\]
%48P/S8U/;< J :(7/%"#""4 9' > .F.DC781M RS@%&' (^ P
Q ,49/< J :( ;SR%8bSR181W"""R2<Z96C)8/D
# $%!&K /L?1^ P4I14;7B	c 8
;M N38)*+ NI4BLE*1b4C%;< J :()8
9284E8464_*+ 3%< J :()84)S3
H6/9D  




(;= >:%  &' 3<"*$&(>:
?3<($6 ,!>:",08 3 &
&	;$9&"@ A&: 8 36 B>:C
 	& < 	D#









(*KL M6 ,#N* <  <,  ?3 ' 9:
(#308 =+N(H ,@ &MB!' "*>: 6 	
(O!0P D,Q<"D#A&08 3
$(	 ,( * 	<  D! ( (0R (O!
K-SL MG 0(#30(T  #R
*	&M"A!
8 ="*?3>: <U:708 FVW0
(,I	 UR(!  +
W,! (( "* ,&
8 =XO&(,I0	M6 ,*FG 
0' :R	)?<Y+Z,
<(*&
K[L M(\  ]  	 ;$9& <= ,N  	&





	&H O<,M0G 6 

0G ,N6 ,#N*<] ##&$"*
 (=K_L M(   9O` & . 
,*BOD58 3
?3G # &0!-a(:	COD+=' 
b









,!6$,!+<,!' )?H I7(;=0<8 3
0#9:6 ,#$)& <":,0: Y 0e
6 &%  &8 3 &' 3<&	KaL<6 <
XO!+!&	$	D#
+	,H ,Z,*,*M
2f& + "*>W ,* W 	 ,#&  J <
( 	D#




#W,h,D: 60= JE XO!<((?U3
 ' 
 ' 3< %  &<
KiL M J UO	 "* 60=
\<((	"*(!&"'  !W"





( 	O= 8 = U & 	 "D@ !KmL MXO!

 N	O= < ,N? 	 " ' 
 (=,W
&D (Y 0(;="D@ !,N<(
(KcMLN(<n #A&0"&<	XO!
` &' 3<	@ #5U3&"$?<+3
* ?3&>: "Io!"*0p#3
Z













b	*8 ` & r R u D7,*0N "  "N "*
<,N?,*(' f!	&<#3*	&
	$	D#
0Y (!KgLM' W,h*60= W




 (=,W ] (	 ,5 ' O 	 "D@ ! M6  ,* F
"*(!&#9: 0(=,W<U:760=(v< J
	D#







 ' 3< %  & 	M'  "* 	& 6 




 Y W  (* ,o! 	& W r R ! (







! 0 (;= H I7 p3&0=,D:  ' W,h * 6




& " (*&	& 6   :@ R6 ,#$)&<
(*"#	' 9: 	9
0	,*(!K[LM60=






 : 6 "*
		Y 0,!,` Rp ;@  &"*0y z
+=
0(&8 I?	R,*KmLM
 +$0  	< 6 37KSimLG  H I7 
,* *
 E F* (
"*(O! 29W 6*, ] $0,! <
U$9#3&,! < &,!  ;	9& { # ,
,$;KR2c|mm-SL(		 + K[L M"9O`&
+$0  #9,,$; 2(& <  ,
KR2c|mmm[L	 + 	K_LM+$0   ($ &*
 ,j! 
,*pH8 = <  ,# H I7 	  DO
 
 J  % 
!60=G  H I7 +&(6,#*






















 * 0 2 &pH,#&
#	 OInolabpH 720 ' , ' R
WTW+$O=
( (
M, ] $ *  0 2 & ~F#R
3Zo&,^^ O$9&Oxitop IS6' ,' R


























 E F * (










 	&8 I? (&69! 	 	D_[c" 	* ,#&
*n #A&0<*	8 I?0&2Z'v,5 *"
(&= '
	M & p
  E #




 ,` &8 =,#O&
n #A&K_}c__-__cg_cc-__c
,#O	,N&L'W"&	&<=MH I7(,W	
. $! +&< 0,o#& E F * (
 G 
K_c-cmcacSc ic"5	L pHKS g L
 8 J? <	K[}c i}c -} a} 	 ,N-cc&










60=JL 		 	 XD,#















	( ^8 I ?^8 J^?6 ^*. $!+&<,j	 $^
' 
(		+M
`$0	 "	$$( 		 +
' 
(& +&< Y W *8 I? +& <_i}m-	




   ,* G  8 I? "
 "* 8 J?,	&
60= Jn ^ #^A&K[}ci}c-}a}	,N
-cc,#O&L(
,*MY W*8 I?(:	(&
' WY W8 J?K	$-LM	$	"`$0-
	&(0&G H I7(:	<}a-(:	C
8 J?(&"&0[}c,N	*C"*}mm(:	C
8 J?(&"&0a},N	*C' WY WM
< /SF \]8/d1
E F*(
G ' Ql,j+=H I 7^(:	,*
(
,*M		+{#K	 $^SL^*8 I ?^( :^ 	
' 
"#WY 0G ' QlY WM
8/d184J :(Q , 49/<  




,o!*G H I7pH(* &,o!M		$[{^#
,j!<U: 7pHG ^H I7	8 I?,*
' ^
(^		+^2 &<M6 ^	"^ `^$0
	$ &(0&	^Y ^ W^*pHH I^7^
(^* &Y 0K	H I^7^pH^0S"^ *
d !,!mg}mm(:	g}_S(:		*LM
AR1F4dRS@











qe4(&?<W	(8 I?	&' QlK8 J^?	^&L
2@ !<(9*d 37,*gmgbC04	^&"^ O' ^Ql
2^ &	(8 I?d 3^7,^ *mg/LbCe4' ^Ql
(9*(8 I?	&)O	9!,5,*<2	9!,^ *
d 37mg/LbV4#UR		>&p7d 3^7,^ *
Lm4(^8 I^?	&,?d 3^7,^ *gb ^9O`&
(^ &+*(8 I?8 J?' W,h"O	9!





* + , - Fe3O4
	
   
 !"#!$% & !' (!)**#!$!"+"! ! ,--./! 
0 1% 2!"3 456 786 9:)!;





4   " *













"` *6	qe, ?^( 7^	( ^8 I??(&































G H I760= J<	D#




2 &	(8 I?	&O	9! `
8 I?<(9*
, #^O, *^, N^ ^&d 37,*qm' ^W,h( ^0	+ ^





<U: 7{#		+ ^ &^,! 9O`&"^ 
E F *(




   !
,3=0,N	?G 	E F *(

U3(0U& 0,N(&"#3*,#&=
 (& "*pH' 	 (0R !,#O ' :Rb




 ,j& G  H I7 ,f(7 "*  *MG  Y 0
2 &1 7	"' 
(' (0F&(=,W] 






(H I7G (:	 M6' 
(!&,& 0++(	<=fe3+K] ,WL	"(*
(	,#$' OF78 =K(#302 &,!L	
R"R,\<	$8 
2 &	"#
( &M  	, < P  6+	$  (

	"#O"' 
%  &pHfRKpH2 &L(:	
<,#* H I7mi(* &(:	M6,** ,* % W
	$ (
 %  &' 




. $ !^ +^&<  
^,* 	$^ " = <	

"* ' 
	"&	&Y ^8 J^?+(B^' $
	 M ' O76	 ";] !Y 	?+!&
	,*Y 60= Jq`
 ,*G M*"
 Z. $! +&< Y W *G  H I7 +&
G  H I7 Y W 6 " (* & Y WY W *
3&"` *8 J?' Ql+&		p#M	"#6
((	"*& 9O` &' 
KaiLM
 G "O' Ql,j
,*	*H I7(:	




 +$0  P "G  "O ' Ql ,j 69! ,*
#3O!#W(=,W	*6#& 0' Ql*
#!(3	m}c,#O	,NpH=3")! ,*
!,D: +&< (&Sc 0!,*. $!	"5	UV-C
(		,5] ##
8 FVW,*G H I7+&(
 "O ' Ql *_ Sc  ac"* ,#O 	 ,N &
d !,!_}mimm-}m-	*(:	KaLM6,&+
"O' Ql"* 	<(7! `
8 I?"(0	&
		#3*G 276*b;* 0' Ql	~
  	 ^ & ,#$ 8 I? . ,#
	 	"# 	(:	
*&Y 0G ' QlY W*G 8 I?(M
8 J? ,j 
,* 	Y W * 8 I? (:	
' W Y W 60=  J  ' Qlb"   "N "*
<G H I7(:	}a-8 J?' Ql	[}c,N
 "*mm}c 8 J?' Ql	a}' WY WM( 6






* )*& {#  +$0  	< "' 
 (&= ' 
	M
K[L
8 I?  ;	9& 
,* 	,$; "` *
,!k5	n ,9!Y &<=<U:7 0		<+
		b*"#3$0d ,V  ;*(&"Z,*6
(*&BV&Kmmm}cML+*,$;&,!2(&
E F *(













 {# *"9O`&H I7 "&< 	 +$0  	< 637
0,! < (O! 29W 6 *, ] $ * E F *(
 G 
 #3$0 d ,V  * U$9#3&< Y *mi(: 	b *














!8 =< ,#H I7	
"#W,N : +$0($ &'
"*&"#






+ "* ,& pA! "#
 	,* w,Z 	 +$0 
&,5#G H I7	9Z8 J?-S8 FV W<
?3] ##
g}ic("#	G H I7(: 	K[Lb
O7	<Y *,V 7k !	"m}mm(: 	H I7
'
 "#W,N  :  G M6,& (0	 +





















1. Zarrabi M, Samarghandi M, Noori Sepehr M, Mohammadi Kalhori E, Noroozi M,Jafari S, Fazl Zadeh M. 
Potential Use of Pumice Stone Modified by HCl for Treatment of Textile Wastewater. Journal of Health 
ardebil.2011;2(1):19-30. [Persian] 
2. KhosraviA, Hoseiniyan M, Sadat Mansuri A. EndustrialWastewater(Plating-Dairy-Loom). Oloume Rooz 
Publication,2009. [ persian] 
3. Hoseiniyan M. Design Of MunicipalWastewater TreatmentPlants AndIndustrial Wastewater. 2th 
ed.Tehran: Ayandesazan;2002. [persian] 
4. Ghaneiyan M, Ghanizade Gh, GholamiM, GhaderiNasab F. Use Egg Shells As A Natural Adsorbent For The 
Removal Of ReactiveRed 123 DyeFrom Synthetic Textile Wastewater. Tabibe Shargh 
Magazine.2009;11,4(25). [Persian] 
5. Samarghandi M, NooriSepehr M, Zarabi M, Noroozi M. ShahrokhiEl. Evaluation Of Efficacy And 
Mechanism Of AcidBlack1Dye Removal Using Sorbent Mineral Pumice. Journal Of Environmental Health, 
Environmental Health Journal Forums,2010:3(4): 399-410. [Persian] 
6. Hosseinzadeh E, Shokouhi R, Zare M, Torabi E, Rahimi SH. Sodium Alginate Magnetic Beads for Removal 
of Acid Cyanine 5R from aqueous solution. Hormozgan Medical Journal.2012; 16(2):101-11. [Persian] 
7. Shokuhfar A, Momeni K. IntroductionToNanotechnology.Tehran:GostarPublication,2005.[ persian] 
8.  Shafaei SH, Fotovat A, Khorasani R. Effect of Nanoscale Zero-Valent Iron (nZVI) on Heavy Metals 
Availability in a Calcareous Soil. Journal of Water and Soil.2012;26(3):586-96. [Persian] 
9. Rahmani A, Ghafari H,Saghi M, Zarabi M.Application of Iron Nanoparticles In Water Treatment Capacity 
Zero. Journal-News-AnalyticSpaceNanotechnology.20; 18: 5-13	[ Persian] 
10. Suwannee J. Use Of Zero Valant Iron For Wastewater Treatment. Department Of Chemistry, Faculty Of 
Science ,King Mongkut’s Institute Of Technology Ladkrabang Chalongkrung Road, Ladkrabang District, 
Bangkok 10520, Thailand, KMITL Sci. Tech. J. 2005; 5(3). 








12. Tanapon P, Navid S, Kevin S, Robert D, Gregory V. Aggregation And Sedimentation Of Aqueous Nanoscale 
Zerovalent Iron Dispersions, Environ. Sci. Technol. 2007;41:284-90. 
13. Sung  HJ,  Francis  I. Nanotechnology For Environmental Remediation,  Springer  Science, Business Media. 
2006. 
14. Hoseinzade E, Rahmani A, Roshanayi Gh, Nazemi F. AcidBlack1Dye Removal From Aqueous Solutions 
Using Activated Carbon Produced From ThePyrolysis Of Used Tires-Activated Potassium Hydroxide. 
Proceedings Of TheThirteenthNational Conference On Environmental Health Manual.2010.[persian] 
15. Shariati Sh, Faraji M, Yamini Y, Rajabi A. SynthesisAnd Applications Of MagneticIron Oxide Nanoparticles 
Modified With Sodium Dodecyl Sulfate For Removal Of Safranin Dyes From Aqueous. Proceedings Of 
TheThirteenth National Conference On Environmental Health Manual.2010. [ persian] 
16. EhramPoosh M, Moosavi Gh, Ghaneuyan M, Rahimi S, FallahZade H. Performance Comparison Of Batch 
And Tubular Reactors For The Removal Of Methylene Blue Dye From Synthetic Textile Wastewater Using 
Aphotocatalytic Process/ UV-C Tio2.Toloe BehdashtJournal Of Yazd SchoolHealth.2010;9(1). [ Persian] 
17. Mohammadi A, MesdaghiNiya A, Mahvi A, NaseriS i.Effect Of Ph And Sulfate And Nitrate Removal From 
Water By Zero Nano scale Iron Particles. Proceedings Of The Thirteenth National Conference On 
Environmental Health Manual. 2010 Persian] 
18. Rezaee-Mofrad M, Miranzadeh M, Pourgholi M, Akbari H, Dehghani R. Evaluating the efficiency of 
advanced oxidation methods on dye removal from textile wastewater. KAUMS Journal ( FEYZ ). 2013; 17 









Removal of acid black 1 dye from aqueous solution using  
nano-iron particles 
 
Fatemeh Dareini,  
Student of Environmental Health Engineering, Student Research Committee, Sabzevar University of Medical Sciences, 
Sabzevar, Iran 
 
Azam Amini mohamadiye,  
Student of Environmental Health Engineering, Student Research Committee, Sabzevar University of Medical Sciences, 
Sabzevar, Iran 
 
Hamidreza Zarei-Sani,  
Student of Environmental Health Engineering, Student Research Committee, Sabzevar University of Medical Sciences, 
Sabzevar, Iran 
 
Mohammad Hossein Saghi 
Lecturer, Department of Environmental Health Engineering, Faculty of Health, Sabzevar University of Medical Sciences, 
Sabzevar, Iran 
 
Received:9/12/2013, Revised:19/01/2014, Accepted:17/02/2014    
Abstract 
Background: Discharge of colored sewages, resulting from 
domestic and industrial wastewaters, results in eutrophication, 
coloring and hypoxia of waters. Furthermore, colors have 
mutagenic and carcinogenic effects. This study aimed to 
investigate the removal rate of acid black 1 dye from aqueous 
solution using  
nano-iron particles. 
Materials and methods: This study was done experimentally 
and discontinuously in lab scale. The effect of variables such as 
contact duration (30, 60, 90, 120, 150 and 180 min), pH (3, 7 and 
11), adsorbent dose (0.4, 0.8, 1.2 and 1.6 g/200ml) and dye 
concentration (50, 150 and 200 mg/l) were evaluated on the 
removal rate of dye from aqueous solution. The data were 
analyzed using Excel software. 
Results: The results showed that with increase in contact 
duration, the removal efficiency of dye also increased from 92.85 
percent to 99.17 percent. Also, the increase in adsorbent 
concentration resulted in increase in removal efficiency of dye 
from 62.11 percent to 99.1 percent. A decrease in pH and dye 
concentration also increased removal efficiency of dye from 
53.71 percent to 99 percent, and from 99.97 to 100 percent, 
respectively. The results of isothermal study showed that the 
removal of acid black 1 dye from aqueous solution follows from 
the Langmuir equation (0.999<R2). 
Conclusion: According to the results obtained, on an equal 
condition, nano-iron particles are more efficient than other 
adsorbents in the removal of dye from aqueous solution; hence 
these nano-particles are suggested for removal of dyes from 
polluted waters. 







Lecturer, Department of 
Environmental Health 
Engineering, Faculty of Health, 
Sabzevar University of Medical 
Sciences, Sabzevar, Iran 
E-mail: saghi9@gmail.com 
 
 
